The increasing environmental concerns and energy issues required for a sound design of decision patterns increased the parameters to be considered in deciding and developing an efficient energy strategy through the optimisation of support schemes for renewable energy technology. The correct identification and evaluation of the decision making parameters leads amongst others to correct political decisions for maximising the benefit of investment cost, social and environmental gains and improvement of technologies. The paper is focussed in analysing the parameters to be used in a Multiple Criteria Decision Making method and in suggesting a ranking scale for the parameters to be ued in drafting their weights. Fourteen parameters were selected and analysed. The analysis is contacted through literature review, personal communication with key personnel and through questionnaires.
Introduction
Energy planning and support methodologies have been developing through the years for supporting decision makers to evaluate conflicting alternatives and derive a way to come to a compromise in a transparent process. Very common methods used in energy planning are the Analytic Hierarchy Process (AHP), PROMETHEE, ELECTRE, Multi Attribute Utility Theory (MAUT) and in order to validate a result more than one of the methods can be used. During the70's and 80's, the increasing environmental concerns and energy issues changed the design of decision patterns so as to include the environmental and social implications in energy planning. This caused an increase in the parameters to be considered in deciding and developing an energy strategy. The paper discusses the parameters used in decision making for drafting out Renewable Energy Systems (RES) support schemes and through the outcome of questionnaires suggests the parameters' rankings to be used in further developing their weights. The first part lists a number of indicative parameters briefly explaining them and the second part deals with the questionnaires results.
Methodology
A literature review has been conducted in identifying the most commonly used parameters. The study in ranking the parameters and identifying their weights is carried out through literature review, personal communication with key personnel and the fulfillment of questionnaires. The outcome of this paper draws out conclusions regarding the major parameters to be used along with indicative suggested weights. The correct identification and evaluation of the decision making parameters leads amongst others to correct political decisions for maximising the benefit of investment cost, social and environmental gains and improvement of technologies.
Indicative Parameters
The parameter evaluation has to provide tools of judgment for decision makers (DM), which must verify the consistence of choices with the expectations of the DM and with the needs of the other involved actors. A number of criteria can be developed to best suit the alternatives and decision makers' familiarity with the alternatives and the criteria. In this chapter, criteria that could be used in deciding the best mix of RES subsidy scheme are examined.
Generally, the parameters used in each country and for each RES technology may vary, however, in general the parameters to be used should be:
• compatible with political, legislative and administrative situation (willingness, level of cooperation of governmental departments and political parties); • consistent with the local technical and economic condition, which depends on the local capacity of managing the innovation both at technical and financial levels (availability of technology, cost factors, maturity); • consistent with energy demand predictions (projection of final energy consumption may affect greatly the decision outcome since it will affect the aggressiveness of the support schemes); • compatible with the existing environmental and ecological constraints (International agreements can shape the final classification of the alternatives).
The parameters to be used should be agreed on and accepted by all the actors involved in the decisional process. A list of potential parameters is presented below:
Maturity / reliability
A mature technology can be defined as a technology that has been in use for long enough and most of its initial faults and inherent problems have been removed or reduced by further development [1] . Another key indicator of a mature technology is the ease of use for both nonexperts and professionals. The judgment is expressed within the range of 1-4. A rank order is applied, with increasing preference from 1 to 4, as follows: (1) technologies that are only tested in laboratory; (2) technologies that are only performed in pilot plants; (3) technologies that could be still improved; (4) mature technologies, close to reaching the theoretical limits of efficiency [2] . Popp, et al. 2010 expressed the necessity in evaluating the maturity of renewable energy technologies for drafting future energy policy and developing efficient support schemes.
Market maturity
This criterion is an estimation of the market availability and the status in the penetration process of a given technology and the materials and services associated with the considered action [3] . A Judgment scale provided by Becalli et.al. 2003 is the following: (1) not present on the market at least in a experimental stage; (2) pilot plants; (3) start of market availability; (4) market availability of the technology for less than 10 years; (5) market availability of the technology for more than 10 years.
3.3.
Consistence of installation and maintenance requirements with local technical knowhow The evaluation of this criterion is oriented to a qualitative comparison between the complexity of the considered technology, and the capacity of local actors of ensuring an appropriate installation and operating support. The technology maturity and market maturity are highly correlated with this criterion since the market availability for installation and maintenance requirements depends on them. The following qualitative scale of ranking is used: (1) insufficient technical background for installation/maintenance; (2) middle technical background for installation/maintenance; (3) great technical background for installation/maintenance [2] .
potential / Climatic conditions
Unlike fossil fuel technologies, the efficiency of renewable technologies is generally very site specific. Thus, it would be expected that photovoltaics in the UK would incur a higher cost per kWh than countries located at lower latitudes such as Cyprus. In general, the geographical potential can be considered as the energy flux theoretically extractable in areas that are considered suitable and available for energy production i.e. in areas which are not excluded by other incompatible land cover/use and/or by constraints set on local characteristics such as elevation and other land characteristics [4] . This criterion is only concerned with the geographical potential of a certain region. The scale to be used is not in the form of energy output but a use of a more general linguistic scale is more appropriate. The scale proposed considering the available renewable energy technology, is as follows: (1) Almost no potential; (2) Very low potential; (3) Low potential; (4) Medium potential; (5) High potential; (6) Very high potential.
Continuity and predictability of performance
In assessing renewable energy it is important to know the conditions of continuous operational patterns. This condition is often a characteristic of a given technology and does not indicate a factor of unreliability. For example the output performance of photovoltaic is more predictable than the one of windpower. As of 2008, Germany produces between 1500 and 7700 GW h/month depending on wind conditions. This makes traditional scheduling of power generation for the day ahead very unsure [5] . The judgment of this parameter can be expressed according to the following scale: (1) unpredictable and not continuous operation; (2) predictable but not continuous operation; (3) predictable and continuous operation.
Value of energy output
Possible future revenues from investments in RETs are crucial for facilitating an economically viable period of heavy installations that is needed to fulfill the new environmental goals. The costs are the initial investment and the operational and maintenance (O&M) costs [6] . To evaluate the profits of renewable energy projects without including any of the policy support mechanisms, the following equation can be used for the value of energy output (VEO).
where E is the monthly energy output by the renewable system, Xsm is the percentage of energy sold in the spot market, Xcm is the percentage of energy sold in the contract market, Pcm is the contract market price and Psm is the spot market price.
Value of environmental benefits (VEB)
Renewable energy sources, which are often (but not always) carbon-free, are among the technology options available to reduce carbon emissions in the electricity sector [7] . Governmental policies regarding environmental protection and emission reductions are amongst others mainly based on the promotion of RET. The VEB can be calculated using two scenarios, the renewable energy certificates and the certified emission reductions scenario.
Renewable energy certificates (REC)
In REC, the benefits can be defined as the value of the energy output and the RECs revenue. One REC represents the environmental attributes associated with one MWh of electricity from renewable energy technologies.
Certified emission reductions (CER)
The CER is based on the Clean Development Mechanism of the Kyoto Protocol. The registered CDM project obtains one CER for each 1 ton of CO 2 reduced by the project. Besides, the sale of CERs represents an additional source of project income. However, the development of a CDM project generated extra costs for the project developer, also known as transaction costs. These costs are related to the formalization and validation of the CDM project, as well as the monitoring and verification of the emission reductions.
Environmental benefits of the reduction of pollutant emissions
With a direct price for emissions-via either an emissions tax or a tradable emissions permit system-the fossil fuel sector has an incentive to lower its emissions rate until the marginal cost of reduction equals the emissions price [8] . In order to have a synthetic index, the score can be expressed through the following qualitative scale of values: (1) very high emissions, when each category is relevant; (2) high emissions, when at least two of the categories are relevant; (3) middle emissions, when at least one category is relevant; (4) low emissions, when all the emissions category are insignificant or do not exist.
Land requirement
This criterion represents one of the most critical factors for the intervention site, especially where the human activities are relevant factors of environmental pressure. A strong demand for land can also determine economic losses, which are proportional to the specific value of the site and the possible attendant alternative needs. An approximate scale can be as follows: (1) high land requirements and significant landscape alternation that can limit future growth of the area; (2) high land requirements and significant landscape alternation that has no affect on future growth of the area; (3) middle land requirements and landscape alternation; (4) low land requirements and landscape alternation; (5) no land requirements and landscape alternation [9] .
Sustainability according to other environmental impacts
Landscape impact, acoustic emissions, electro-magnetic interferences, bad smells, and microclimatic changes are evaluated. A synthetic judgment can be expressed through the following scale: (1) very high intensity impacts; (2) high intensity impacts; (3) middle intensity impacts; (4) low intensity impacts; (5) not existing impacts. This parameter can be considered highly subjective since it includes impacts such as landscape changes. While large dams and wind farms change the landscape significantly, people might argue whether the change is positive or negative.
Labor impact
An estimation of labor potentials due to employment of RET can be used. Additional direct and indirect employment and the possible indirect creation of new employment must also be assessed.
The following linguistic scale can be used: (1) low employment occurring only at the installation process; (2) low employment that will provide further jobs during the maintenance of the RET; (3) medium employment during installation and maintenance; (4) high employment during installation however low during the maintenance of the RET; (5) high employment both during installation and maintenance.
The net present value (NPV)
At present, for most of the RET, the investment costs, along with the risks of renewable energy, remain high [10] . The NPV calculation relies on the initial investment, the total accumulated cash-flow and the discount rate. The cash-flows are the costs and the benefits associated to the project. The benefits taken into account are the value of the energy output (VEO) and the value of the environmental benefits (VEB). The following scale is an indication of the investment's profitability.
(1) NPV < 0 not a profitable investment; (2) NPV = 0 not gain and not loss; (3) NPV > 0 added value [11] .
Distribution cost
Modern small scale generation plants with standardized modular design are competitive, less capital intensive, more efficient, quicker to build and have more sophisticated control technologies for operation and transmission networks. [12] . However, this parameter is highly location correlated and each project case should be examined accordingly. A general linguistic scale can be used: (1) High cost for connection to the grid lowering significantly the NPV; (2) Medium cost for connection to the grid with impact on the NPV; (3) Low cost for connection to the grid with minimal impact on the NPV.
Compatibility with political, legislative and administrative framework
It is of high importance for governments to realize that RETs with high fixed but low variable costs can provide price stability and a good hedge against the risk of fuel price volatility [13] . Many countries are pursuing greater use of renewables. However, there is little agreement on what policies are most effective in promoting renewables, or even in what it means for a policy to be 'effective.' The goal of RE policy appears simple: to get more renewables in place. However, a closer look reveals that there are in fact many goals that renewables are intended to accomplish. Renewables can be seen as a way to reduce carbon emissions, to promote industrial development, to decrease fossil fuel imports, and meet other policy goals. Each of these goals leads to a different set of programs and technologies. [14] . The examined criterion assesses the qualitative relevance of the above considerations, with regard to government support, the tendency of institutional actors, and the policy of public information. The overall value judgment is expressed in the following way: (1) absent; (2) middle; (3) high.
Sampling of Parameter weights using questionnaires
Questionnaires were used in finding an approximation of the weight for each parameter. The questionnaires asked the responders to rate the importance of each parameter from a scale of one to ten. Moreover, the following information was collected from each responder: (a) Educational background; (b) Occupation and position; (c) Familiarity with renewable energy sources. The questionnaires were given to a range of professionals consisting of university lecturers, business consultants, mechanical and electrical engineers, environmental scientists, civil engineers, IT consultants and engineers, researchers, accountants and economists. Questionnaires were not handed to a specific group of responders but rather to a wide range of professionals employed in a wide spectrum of the Cypriot economy. As expected the range of answers varied considerably according to the responders' educational background and familiarity with RET.
Familiarity of the responders
The familiarity of each responder for RET was also recorded (Fig. 1) . The responders were asked to give their subjective judgment on how familiar they are with RET using a scale of one to ten (legend of Fig. 1 ) where 1 is representing "not familiar at all" and 10 representing "an expert". About 28% of the responders answered that they are somewhat familiar (number six), and only about 1% answered that they considered themselves experts. 
Responders view
An analysis has been conducted using the responders' view without taking into consideration their knowledge and familiarity as regards the RET. The results (Fig 2) reveal that the highest ranked parameter and in turn the most important one that should carry the highest weight in a multiple criteria decision making model is the "Potential/climatic conditions".
Fig 2. Responders' view
Using the above rankings incorporating the responders' answers for each parameter, we can deduct the weight of each parameter. It is suggested to use the percentage values since it will give a more precise indication of the closeness of each parameter's weight.
Responders' high rank for the "Potential / Climatic conditions" parameter reveals the relation this parameter has on all the other parameters in question. We can say that the effect of this parameter reflects on other parameters such as the value of energy output and in return the "net present value" and the "Value of environmental benefits (VEB)", the market maturity and in return to the local technical know-how for installation and maintenance requirements, the continuity and predictability of performance, land requirement and the compatibility with political, legislative and administrative framework. Though the "Environmental benefits of the reduction of pollutant emissions" is ranked second, parameters that address other environmental issues such as "Sustainability according to other environmental impacts" and "waste treatment" are ranked in much lower positions. The "Value of environmental benefits (VEB)" parameter is ranked third which can be contributed to the fact that the parameter is expressed in monetary terms which is easily translated to direct benefits of the individual investor.
Using the weighted sum method and then multiplying by each rating according to the responder's answer, the final results are better adapted to suit the familiarity with the ratings given. The parameter regarding "Potential / Climatic conditions" is still ranked first indicating its importance in drafting an energy policy regarding the promotion of renewable energy sources. Thus, if we were going to use this parameter in a decision matrix then it should have one of the highest weights. The "Environmental benefits of the reduction of pollutant emissions" is still ranked second and the "Value of environmental benefits" is still on the third position. The change is noticed when accessing the "Continuity and predictability of performance" which is now ranked seventh while VOE is sixth showing a higher importance. The "Local technical know-how for installation and maintenance requirements" is ranked one place higher; this might be due to the fact that the responders with higher familiarity give more emphasis on the technological aspect of RET
Conclusions
When assessing the parameters to be used in a Multiple Criteria Decision Making problem, one should define the problem as thoroughly as possible and examine the parameters in detail. In deciding the optimum mix of renewable energy sources to be implemented, a multidimensional approach should be used. Most of the parameters concerning this decision are correlated and an advantage of one alternative in a specific parameter will result in a higher ranking for other alternatives too.
The outcomes rely on a great degree on responder's answers which may lead to misleading results since the answers are subjective. When analyzing the results and viewing the outcomes we can note that the parameters concerned with environmental issues were amongst the higher ranked parameters. However, recycling and reusing in Cyprus is still in its infancy as a practice of the Cypriot citizen. The social desirability bias can lead to wrong rankings of the parameters and to misleading outcomes. The above results however, are a good indication of the parameters rankings and even if we consider that the results are highly affected by the social desirability bias we can view them as an indication of society's point of view on the parameters.
The responders' views reveal great similarities on drafting the weights for the parameters. The differences occur mainly to each responder's familiarity. Familiarity combined with the educational background and occupation can give a more precise inside into each parameter's weight. However, in order to be more precise in the determination of the final weights, the input of all high level officials taking part in the decision making process should be taken into consideration.
